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Wehaverecentlyanalysedthecrystalandmolecularstructuresofsixmetailo-
organicdiscogenswithsubstituted{J-diketoneligands.Themoleculesconsistofa
rigid 11atomcoreanda fringemadeup of four phenylringssubstitutedwith
alkyl/alkoxychains.In complex(i),withfouroctyloxychains,therearefouroxygen
atomsaroundthe core.Complex(ii) is asymmetricallysubstitutedwith two
heptyloxyand two heptylchainsand thereforehas two oxygenatomsand
complexes(iii)to(vi)haveonlyalkylchainsandhencenooxygenatomsaroundthe
core.The metalatom usedfor coordinationhas beenchosenas Cu/Pd/Ni.
Determinationofthecrystalandmolecularstructuresofthesediscogenshasledto
theidentificationofthefollowingsimilarities:(1)All thesixdiscogenscrystallizein
thetriclinicspacegroupPI. Therecurrenceofthespacegroupmaybecorrelated
withthestructuralrequirementsforefficientpackingofthemoleculesinthecrystal
lattice.(2)The coordinationaroundthemetalatomis squareplanar.(3)The 11
atomcoreis onlynearlyplanar.(4)Thephenylringsandthechainsaretiltedwith
respectothecore.(5)Themolecularconformationin thecrystalconfersanearly
rectangularshapetothesediscogens.(6)Thechainsarefullyextendedinanailtrans
conformation.(7)The moleculararrangementis tiltedcolumnarexceptfor the
crystalstructureof complex(ii).
In additionto the similarities,distinctdifferencesin thecrystalstructural
characteristicshavealsobeenobserved.For example,whenoxygenatomsare
presentin thefringe,themoleculeshaveno crystallographicsymmetryandthey
tendtopair.In thecrystalstructureof(i)wheretherepeatunitalongthecolumnisa
molecularpair,themetalatomsaredistributedin a zig-zagfashion.In theother
crystalswithcolumnararrangement,themetalatomsarestackedoneoveranother.
Complex(ii)hasa layer-likemoleculararrangementin thecrystallinephase.
1. Introduction
Closecorrelationsbetweenthestructuralcharacteristicsof thecrystallinephase
andthemesophasehaveoftenbeenfoundtoexist[1-4].X-raydeterminationof the
crystalandmolecularstructuresi thereforeanimportantaspectofanyprogrammeof
structuralstudieson liquid crystals.Recently,we haveanalysedthe crystaland
molecularstructuresof sixmetallo-organicdiscogenswitha substitutedp-diketone
ligand,thestructuralformulaofwhichisshownin figure1.Themoleculesconsistofa
rigid11atomcore(shownencasedinfigure1)andafringemadeupoffourphenylrings
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(i) M=Cu,
(ii) M =Cu,
(iii) M =Cu,
(iv) M=Pd,
(v) M=Pd,
(vi) M=Ni,
Rl =R2=R3=R4=OCsHI7
Rl =R2=OC7HI5; R3=R4=C7HI5
Rl =R2 =R3=R4=CsH17
Rl =R2 =R3=R4=C1OHz1
Rl =R2 =R3=R4=CsH17
Rl =R2=R3=R4=CsHI7
Figure1. Structuralformula.
substitutedwithalkyloralkoxychainsattherespectiveparapositions.In (i)withfour
alkoxychains,therearefouroxygenatomsaroundthecore;in(ii),withtwoalkoxyand
twoalkylchains,thereareonlytwooxygenatomsandin(iii)to(vi)therearenooxygen
atomsaroundthecore.Thelengthsof thesubstituteshavealsobeenvariedasheptyl,
octylanddecylchains.The transitionmetalatomusedfor coordinationhasbeen
chosenasCujPdjNi. Thesedistinguishingmolecularfeaturesprovideusefulhandlesto
identifystructuralchanges,ifany,associatedwith(a)theoxygencontentin thefringe,
(b)thelengthof thehydrocarbonchainand(c)thetypeof metalatom.
Crystallizationexperimentshaveshownthatthecoppercomplex(iii) hastwo
polymorphicrystallinemodifications,viz.crystalwithprismatic(P)andneedlelike(N)
forms,characterizedby distinctlydifferentcrystalstructures.Hence,althoughthe
serieslistedin figure1includesonlysixcomplexes,evencrystalstructureshavebeen
analysed.Thestructuredeterminationsalsoshowedthatthecrystalstructuresof the
PdandtheNi complexes(v)and(vi)areisomorphouswiththatoftheP formoftheCu
complex(iii).
Complexes(i)to(v)arereported[5-9J tobemesogenic.Table1presentsthedetails
ofthetransitionsfromthecrystallinephase(C)tothemesophase(D)andtheisotropic
phase(I).Quiteintriguingly,theNi complex(vi)despiteitsunambiguousstructural
isomorphismwiththemesogens(iii)and(v),is reportedto benon-mesogenic[4,9].
Thermalstudieson theNi complex(vi)arebeingcarriedoutandtheresultswill be
reportedelsewhere.
Detailsof thecrystalstructuredeterminationsanddescriptionsof theindividual
crystalstructuresof thecomplexes(i) to (iv)havealreadybeenpublished[10-13].
Comparisonof thesevencrystalstructureshasshownthatsomeof thestructural
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Table 1. Transitiontemperatures(°C)andthemoleculararrangementin the mesophase.
Quantitiesbelowthearrowrepresenttheenthalpyvalues(K mol- 1).
Complex
Transition
temperatures;oC
Molecular
arrangement
in mesophase
(i) Cu-OCSHI7
94,5 176
C + D + I
50,0 47.2
Lamellar [5J
(ii) Cu-OC7HI5-C7HI5 C
150'5
+ I
41'7
0
'"
,~ ~(0
D "
Not known
(iii) CU-CSHI7
76'5 117 142'5
C + D + D + I
70,5 2.0 2S.4
Lamellar [9J
(iv) Pd-CloH21
101.5 106 119
C + D + D + I
4S,0 0.7 23'S
Not known
(v) Pd-CsHI7
99 121.5 13S'5
C + D + D + I
15.5 19.0 23.5
Not known
featuresarecharacteristicofthisentiregroupofcomplexes.Detailsofthesesimilarities,
alongwithafewconspicuousdifferenceswhichhavealsobeenobserved,aredescribed
in thispaper.
VeryfewX-raystudieshavebeencarriedoutonthecrystallinephaseofmetallo-
organicdiscogens.MuhlburgerandHaasehavedeterminedthecrystalstructuresof
twomesogeniccoppercomplexeswithf3-diketoneligands[14J,oneofwhichismore
rod-like.Crystalstructuresofmanycomplexeswithf3-diketoneligandshavein fact
beendeterminedin thepast[15-25J,butnoneofthemismentionedtobediscogenic.
2. Resultsanddiscussion
2.1.Spacegroupandmolecularsymmetry
Table2comparesomeoftherelevantcrystaldata.Themoststrikingfeatureisthe
propensityfortheentireseriestocrystallizein thetriclinicspacegroupPI. As iswell-
known[26J,PI isoneofthespacegroupswhichpermitsaclosestpackedarrangement
of molecules.Thevaluesof thepackingcoefficient[27J k definedas
k=volumeofmoleculesin theunitcell
unitcellvolume '
andlistedin table2,showthatin thecrystalstructure,themoleculesareclosepacked.
ThusitappearsthattherepeatedoccurrenceofthespacegrouppI isprimarilydueto
packingconsiderations.
The structuralformula(seefigure1)showsthatthemoleculecouldpossessa
crystallographiccentreofsymmetry.Thedatain table2,however,showthatonlyfive
outofthesevenmoleculespossessacrystallographiccentreofsymmetry.Interestingly,
themolecules(i)and(ii)whichdo nothavecrystallographicsymmetryarethosein
whichoxygenatomsarepresentaroundthecore.Thisfeaturesuggestshepossibilityof
a correlationbetweentheabsenceof molecularsymmetryin thecrystaland the
presenceof oxygenatomsin thehydrocarbonchain.Thestatisticalsignificanceof a
578 K. Ushaetai-
Table 2. Crystal data.
Unit cell Molecular
Complex Spacegroup Z constants symmetry k
Cu-OCsH 17 a= 11-300(9)A
PI 2 b= 16-101(1)A I 0-70
c= 17'089(2)A
IX=82'23(1)"
13= 74'88(4)"
Y=77-43(3)"
Cu-OC7H1s-C7HI5 a= 10-228(7)A
PI 2 b= 16'607(5)A 1 0,70
c= 18'273(6)A
IX= 64-40(2)"
13= 78'53(6)"
y=72-66(5)"
Cu-CsH 17(N) a=5'821(3)A
PI 1 b= 14'332(1)A I 0,72
c= 17-630(2)A
IX=107,35(1)"
13=9S'S6(2)"
y=93'5S(3)"
CU-CSH17(P) a= 10'341(3)A
PI 1 b= 11'621(2)A I 0,70
c= 12-817(2)..\
IX=103-99(1)"
13= 92. 7 3(2)"
y= 109'55(2)"
Pd-CIOH21 a= 10'260(2)A
PI 1 b= 12'961(2)A I 0,70
c= 13A03(2)A
IX=110'54(1)°
13= 101'75(1)"
y=9S-44(1)"
Pd-CsH 17 a= 10'31S(2)A
PI 1 b= 11'537(1)..\ I 0-70
c= nOS9(2)A
IX=104'119(9)"
13= 94-73(1)"
y= 108'88(1)"
Ni-CsH17 a= 1O'139(I)A
PI 1
b= 11'3201(St
I 0,70
c 3'242(2)
IX= 101'919(8)"
13= 92-796(9)"
y= 108'520(7)"
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correlationwhichis basedon only two observationsis admittedlylow. Further
conclusivevidencecanbeobtainedonlywhenmoredataoncompoundswithoxygen
atomsin thechainsaregenerated.
It isalsoobservedfromtable2thatfactorsuchasthelengthofthesubstituentsR1
to R4or thetypeofmetalatomat thecentre,donotaffecthemolecularsymmetry.
2.2.Metalcoordination
In allthesevencrystalstructures,thedispositionofoxygenatomsaroundthemetal
atomresemblesa squareplanararrangement.As theoxygenatomsarepartof the
diketoneringsystems,thecoordinationpolyhedronhasa rectangularcharacteristic,
thedistance0(1)...0(2) beinglargerthanthedistance0(1)...0(4).It isalsoobserved
thatin thecrystalstructureof(ii),thegeometryoftherectangleisfurtherdistorted,i.e.
0(1)...0(4)=2'57(I)A whereas0(2)...0(3)=2'67(I)A.This differenceis primarily
due to the cis arrangementof the similarchainsin this moleculeand possible
interactionsbetweentheoxygenatoms,detailsof whichareto bedescribedin the
subsequentsectionof thispaper.Averagevaluesof theM-O distance,theO-M-O
valenceanglesandthe0 ...0 distancesarepresentedintable3.Ascouldbeexpected,
an increasein thesizeof themetalion is accompaniedby an increasein theM-O
distance.
It mustbepointedoutthatin thecaseofsalicylaldiminecomplexesofnickeland
cobalt[4],absenceof mesomorphismhasbeenassociatedwithtetrahedralcoordin-
ationaroundthemetalatom.In thecaseoftheNi complex(vi)whichisreportedtobe
non-mesogenic[4,9],thereis clearlynoevidencefor suchtetrahedralcoordination.
RobertsonandTruter[22]havementionedtheoccurrenceof weakinteractions
betweenthemetalatomand thecoreatomsof neighbouringmoleculesof some
diketonecomplexes.Koyamaet al. [25] also report the occurrenceof sucha
coordinationbytheCH groupsofmoleculesaboveandbelow.Suchinteractionswhich
correspondtothefifthandthesixthcoordinatingpositionstothemetalatomarefound
tobepresentonlyin thecrystalstructureofcomplex(i).Here,twophenylringatoms
from the neighbouringmoleculesare found to be situatedat 3.17and 3.24A,
respectively,fromthecopperatom,closeto thefifth and thesixthcoordinating
positions.Boththecarbonatomsareshiftedfromthenormalto thecopper-oxygen
planeby0.17A.
2.3.Dimensionsof thecore
Theaveragevaluesofthebondlengthsandvalenceanglescharacterizingthecore
arelistedin table3.Thedimensionsarefoundto benormal.
2.4.Planarity
Thestructuralformula(seefigure1)showsthatwiththep-diketoneligandandthe
squareplanarcoordinationaroundthemetalatom,the11atomcorecouldbeexpected
toformaflatplanarmoiety.However,thepresentcrystalstructureinvestigationshave
shownthatthecoresexhibitsignificantdeviationsfromstrictplanarity.In thecrystal
structuresof complexes(i) and (ii) wherethe chemicallyidenticalhalvesof the
moleculesarenotrelatedbycrystallographicsymmetry,aslightbucklingisfoundto
existbetweenthetwohalvesofthecore.Presenceofsuchbucklingisevidencedbythe
non-zerovalueoftheanglebetweenthenormalstotheleastsquaresplanesthroughthe
twohalvesofthecore,viz.,through0(1),0(2),C(5)toC(7)and0(3),0(4),C(8)toC(10),
respectively.In thecaseof (i)and(ii),theanglesare~ 3 and1°,respectively.Similar
VI
00
0
Table3. Averagedimensionsof thecore.
Complex M-O/A O-Cj A C-Cj A O...O/A O-M-O;o M-O-C;o O-C-CjO C-C-CjO
Cu-OCsH 17 1'895(9) 1'25(1) 1'405(5) 2'74(2) 92'6(2) 127'8(8) 124'3(4) 123(1) e
Cu-OC7H1s-C7H1s 1'90(2) 1'28(3) 1'40(6) 2.74(1) 92'6(3) 127(1) 126(2) 122(1) '"
Cu-CsH 17(N) 1'908(6) 1'27(1) 1'389(2) 2'764(6) 92'8(2) 126'3(4) 125'0(2) 124'2(6)
::r
po
CU-CSHI7(P) 1'90(1) 1'27(2) 1'38(3) 2'744(5) 92-3(2) 127'2(2) 124'2(4) 124'7(7)
Pd-C1oH21 1'9665(5) 1'278(1) 1'405(3) 2'874(6) 93'9(2) 124'6(4) 125'6(2) 125'7(6)
Pd-CsH 17 1'9695(5) 1'274(2) 1'400(8) 2'871(4) 93'6(1) 124'8(3) 125'2(5) 126-4(5)
Ni-CsH 17 1'837(8) 1'275(5) 1'38(2) 2'710(6) 95'1(2) 126.1(8) 124(1) 123'8(9)
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Table4- Valuesof 1],band end-to-endmoleculardimensions-
bucklinghasbeenobservedin thecrystalstructuresof twootherdiketonecomplexes
[14,23]whereinthecorrespondinganglesare~ 3and6°,respectively-In thecaseofthe
complexes(iii)to(vi),bucklingbetweenthetwohalvesis inhibitedbythepresenceof
crystallographicsymmetryinthemolecule-Thus,itappearsthatwhennotconstrained
bycrystallographicsymmetry,the11atomcoretendstobuckleslightly-In additionto
thebucklingbetweenthetwohalvesof thecore,anothertypeof distortionis also
observedineachhalfof thecore.Table4liststheangle1Jbetweentheplanesthrough
thegroupM-O-C-C ineachhalf.Thenon-zerovalueofthedihedralangleshowsthat
eachhalfof thecoreis itselfslightlybent.
It is alsonoticedthatin thesecrystalstructures,thedisplacementfromtheplane
throughthelightatomsof thecrystallographicallyindependentpartof thecore,is
consistentlythehighestforthemetalatom.Suchdisplacementscanindeedcontribute
to thenon-planarcharacteristicsofthecore.Non-planarityofadifferentypearising
fromtheapproachofthemetalatomwiththeapexcarbonatomofaneighbouringcore
hasalsobeendescribedby Hall etal. [28].
As could be expected,the presenceof lengthyaliphaticchainsconfersa
considerablenon-planarcharactertothemoleculeasawhole.Toprovideanindication
of theextentof non-planarity,thedisplacements,b of theterminalatomsof the
aliphatichainsfromtheplanethroughthecrystallographicallyindependentpartofthe
corehavebeenincludedin table4-TheatomicdisplacementsarethehighestfortheN
formof (iii).
2_5.Molecularconformation
Theconformationsof themolecules(i)to(vi)in theirrespectivecrystalstructures
areverysimilar.In allthecases,thephenylringsaretiltedwithrespecttothecore,the
tilt beingcontrolledprimarilybystericeffects.Thealkyl/alkoxychainsarein anall
transconformation(seefigure2). The moleculesare lath-like.The end-to-end
dimensionsof themolecules(seetable4)indicatethatin all thecases,thelengthto
widthratiois ~ 3.Theobservedconformationsandthemoleculardimensionsclosely
resemblethemodelB proposedbyOhtaetal.[5] forthemesophaseofCu-OCgH17.
TherepeatedoccurrenceofmodelB suggeststhatthismodelisperhapsenergetically
morestablethantheirmodelA inwhichtheconformationofthemoleculecorresponds
toalengthtowidthratioof ~ 1.Table4showsthattheincreaseinthelengthofthe
moleculePd-C1OH21overthatofPd-CsH17iscommensuratewiththeincreasein the
chainlength.Thereis,however,nosignificantchangein themoleculardimensionsdue
to thereplacementof copperbyeitherpalladiumor nickel.
Theconformationof theasymmetricallysubstitutedmolecule(ii)meritsspecial
mention.Here,twotypesofconformationsarepossible,viz.,thosecorrespondingto
Complex 1]° b of terminal atomsjA Molecular dimensionsjA
Cu-OCgH17 3,1-5 0-88(9),0-96(3),-0-66(6), -0-95(2) 31-6,31-1,lO-8,10-9
Cu-OC7H1s-C7H1s 0-9,2-5 0-00(2),- 0-28(3),-1-08(2),0-48(3) 28-8,28-5,10-6,9-9
Cu-CgH17(N) 4-8 2-016(8),-1-42(1) 30-4,9-7
Cu-CgH 1iP) I-I 0-29(1),0-lO(l) 30-3,9-6
Pd-C10Hz1 3-2 -0-35(1),0-26(1) 35-3,9-5
Pd-CsH 17 2-8 0-05(1),0-17(1) 30-2,9-7
Ni-CsH17 3-1 0-27(1),0-18(1) 30-3,9-5
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Figure2. StereoviewofthemoleculararrangementviewedalongtheaaxisofPd-CIOH21(iv).
thetransandthecisarrangementsofthesimilarsubstitutionswithrespecttothecore.
Fromsimplegeometriconsiderationsofmolecularstability,it wouldappearthatthe
chemicallyidenticalchainsassumea transarrangementwith respecto thecore.
Interestingly,in thecrystalstructure,theyarefoundtobeciswithrespectto thecore.
Thisresulthoughunexpectedisconclusive.Theslightasymmetryin thewidthsofthis
molecule(seetable4)isalsoaconsequenceofthecisconformationandthedifferencein
thelengthsof theheptylandtheheptyloxychains.
In thecrystalstructureof bis[l-thia-4-7-diazocyclononane]cobalt(III),whichis
notmesogenic,molecularcalculationshaveshown[29]thatthecisisomeris more
stablethanthetransisomer.Thereforeit appearsthattheoccurrenceof a stablecis
formincrystalsisnotanuncommonfeature.It mustalsobementionedthatinthecase
ofaPd-diketonecomplexwithdissimilarsubstitutions,twocrystallinemodifications
correspondingtoboththecisandthetransarrangementshavebeenreported[23].It is
thereforenotunlikelythatinthecaseof(ii)also,asecondcrystallinemodificationwith
a transarrangementof thesimilarsubstitutionsexists.Examinationof thecrystalliz-
ation dish of (ii) has shownthat thereare in fact crystalswith threedifferent
morphologies,thecrystalstructureofoneof whichhasbeendeterminedbyus.It is
proposedtoexaminetheothertwoformsofcrystalsalso,tofindoutifeitherofthem
correspondto the transconformation.It mustbe mentionedthat in thecrystal
structuresoffewotherdiketoneswithdissimilarsubstitution,onlyatransarrangement
hasbeenreported[14-16,19].
2.6.Moleculararrangement
Theavailablestructuraldataonthemesophaseofdiketonecomplexeswithfour
chainssuggestthatmanyofthemarecharacterizedbyalamellarstructure(seetable1).
Recognizingthatthereis a relationshipbetweenthemoleculararrangementsin the
mesophaseandthecrystallinephase,itmaybeexpectedthatalamellarstructurexists
in thecrystallinephasealso.Our resultsoncomplexes(i)to (vi)indicatethatin the
crystallinephase,themoleculararrangementisexplicitlylamellarforcomplex(ii).For
therestof thecomplexes,themoleculararrangementhasbothlamellaraswellas
columnarcharacteristics.For complexes(i)and(iii)to(vi),themoleculesarearranged
in layersbuttheperiodicstackingof thelayersleadsto theformationof columns.
Figure 3 depictsa typicallayeredarrangementand thecorrespondingcolumnar
arrangementis shownin figure4. The mostlikelyroutefor a transitionfrom a
columnarcrystalstructuretoalamellarmesophasestructureisbytheweakeningofthe
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interactionsalongthecolumnaxis,i.e.betweenthelayers.Examinationof thenon-
bondedintermolecularinteractions/contactdistances~4A in thesecrystalstructures
showsan interestingdistributionwhichpermitssucha weakeningof inter-layer
interactions.It isfoundthatwiththeexceptionofthecrystalstructureoftheN formof
(iii),in therestof thecolumnarstructures,thenumberof intermolecularcontact
distances~4Aismorewithinalayerthanalongthecolumn.For example,in thecase
oftheP formof(iii),thereare28contactswithinalayerandonly16alongthecolumn,
i.e.betweenadjacentlayers,therebysuggestingthatthestabilityarisingfromnon-
bondedintermolecularinteractionsis morewithin a layerthan betweenlayers.
Consequentlythestackingof layersis likelyto bemoreeasilydisturbedthanthe
moleculararrangementwithinthelayer.If thethermalenergyassociatedwith the
crystallinetomesophasetransitionissufficienttodisturbtheperiodicstackingoflayers
in thecrystallinephase,thecolumnarstructurecouldgetmodifiedto a lamellar
structure.The validityof theproposedmechanismfor thecolumnarto lamellar
transformationcan be checkedif X-ray datafrom both the crystallineand the
mesophaseareavailable.At present,suchdataareavailableonlyforcomplex(i).The
layerspacingof 25Aobservedin thecrystallinephaseof (i)compareswellwiththe
correspondingvalueof23Ainitsmesophase[5].Thegoodagreementis insupportof
theproposedmechanismoftransformation.A layerthicknessof ~ 29Ahasbeen
mentionedby Giroud-GodquinandBillard[9] for thediscogen,Cu-C1oH21'The
seriesinvestigatedheredoesnotincludethiscoppercomplexbutonlyitspalladium
analogueviz.Pd-C1oH21,i.e.(iv)(seefigure1).In thiscase,thelayerthicknessin the
crystallinephaseisfoundtobe~ 32A,whichisinreasonableagreementwiththevalue
for thecorrespondingcoppercomplex.
Onlyin thecrystalstructureoftheN formof(iii),thecohesionduetonon-bonded
intermolecularinteractionsappearstobemorealongthecolumnthanwithinthelayer.
Here,thereareonly14contactdistanceswithinthelayerwhereasalongthecolumn
thereare33.Thisfeaturedoesnotappeartobeveryconducivefortheoccurrenceofa
lamellarstructurein themesophaseof thiscrystal.
Details of the structuralcharacteristicsof the lamellarand the columnar
arrangementsobservedin thecrystalstructuresofcomplexes(i)to (vi)aredescribed
below.
2.6.1Layerstructure
In thisseries,layerstructureisobservedfortheasymmetricallysubstitutedcomplex
(ii) (seefigure5).It is noticedthatalthoughadjacentcoresrelatedby a centreof
inversionarewell-separated,thephenylringsofamoleculeoverlapwiththoseof the
centrosymmetricallyrelatedmolecule.Conspicuously,theoverlappingphenylrings
arethosesubstitutedwithheptyloxychains.Thepossibleroleof oxygenatomsin
favouringsuchan overlapcannotthereforebe ignored.It is also observedthat
intermolecularcontactdistances~ 4Aareconcentratedbetweenthecentrosymmetri-
callyrelatedmolecules.Thesefeaturesuggestthatthecentrosymmetricallyrelated
moleculestendtopairinthecrystalstructure.In thelayer,eachofthecentrosymmetri-
callyrelatedpairsis surroundedbyfourothersimilarpairs.
2.6.2.Columnarstructure
For complexes(iii)to(vi),therepeatunitalongthecolumnisasinglemolecule.For
\iomplcK(i),whi\ihhas oKygenatomsaround the core,the repeatunit is a
centrosymmetricallyrelatedmolecularpair.It maybepointedoutthatthetwocrystal
584 K. Ushaetal.
Figure3. Layeredarrangementof themoleculesin complex(V).
Figure4. Columnararrangementof themoleculesin comples(v).
Figure6. Columnarstackingof themolecularpairs.
Organa-metallicdiscagens 585
Figure5. Viewofthelayerstructureintheplaneperpendiculartothecrystallographiccaxisin
theasymmetricallysubstitutedcomplex(ii).
structuresin whichpairingis observedarethoseof moleculeswithoxygenatoms
aroundthecore,viz.(i)and(ii).It is likelythatthepresenceofoxygenatomsfavours
suchmolecularpairing.
Thecolumnarmoleculararrangementsin thecrystalstructuresof(i)and(iii)to(vi)
exhibitthefollowingstructuralcharacteristics:
(1) Thecolumnaxiscoincideswiththeshortestaxisoftheunitcellwhichin these
crystalstructuresis thecrystallographica axis.In thecrystalstructuresof
copper(II)ethylacetoacetate[19]andbis-acetylacetonecopper(II)[25]which
arealsocharacterizedbycolumnarstackingofthediketonecores,theshortest
axisof theunitcellis foundto bethecolumnaxis.
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(2) In thecrystalstructuresofcompounds(iii)to(vi)themetalatomsarestacked
atop.In thecrystalstructureof(i),theindividualmoleculesof thepairwhich
constitutestherepeatunit,arestaggeredwithrespecto eachother.Conse-
quently,themetalatomsaredistributedaboutthecolumnaxisin a zig-zag
fashion,thezigandthezagdistancesbeing6.3and6.6Arespectively.The angle
atthezig-zagis124°.Figure6showsthecolumnarstackingofthemolecular
paIrs.
(3) In thecrystalstructuresofthecomplexes(iv)to(vi),andtheP formof(iii),the
M. ..M distancealongthecolumnis ~ lOA. In strikingcontrast,intheN form
of(iii),theM... M distanceis ~ 6A.Thedistributionofintermolecularcontact
distancesdescribedearlier(§2.6)suggestsa possiblecorrelationexisting
betweentheM... M distancealongthecolumnandthecontactdistances.It is
foundthattheM ... M distancereduceswithincreasein thenumberofcontact
distancesalongthecolumnaxisor viceversa.It mustbepointedout that
Eastmanet al. [30J also proposea columnararrangementfor (iii).The
separationof2t03nmbetweenmetalatomsofadjacentcolumnsmentionedby
themis observedbyusin thecrystalstructureof theN formof (iii).
(4) Irrespectiveof theM... M distancealongthecolumnaxis,onaccountof the
tiltsofthemoleculeswithrespecttothecolumnaxis,theperpendiculardistance
betweenadjacentcoresis conspicuouslylessthan 4A and rangesfrom 3.2to
3.7A. If theperpendiculardistancebetweenadjacentcoresis assumedto be
3.6A,i.e.thesumofthevanderWaalsradiioftwocarbonatoms,thetilteofthe
column,definedastheanglebetweenthecolumnaxisandthenormalto the
core,canbeexpressedas
e=cos-1C~6}
(1)
wherea is thea axiallength(columnaraxis)of theunitcell(seefigure7).
Equation(1)suggeststhatforcolumnarstructuresin whichthemoleculesare
stackedatop,approximatevaluesof the tilt e can be obtainedfrom a
knowledgeof the shortestunit cell constantevenwithoutresortingto a
completestructuredetermination.Table5 comparestheobservedtiltswith
thosecalculatedusingequation(1).Theagreementappearsto begood.
(5) Theinteriorofeachcolumnismadeupofthearomaticgroups,viz.thediketone
coreandthephenylrings.Flexiblealkyl/alkoxychainsextendingoutwards
constitutetheperipheryof thecolumn(seefigure2).A conspicuousfeature
concernstheorientationofthealiphatic hains.In eachmolecule,all thefour
chainsarenearlyparalleltoeachotherandtheparallelismis retainedin all
partsof theunit cell.Suchan arrangementof thealiphaticchainscanbe
expectedtooptimizethenon-bondedinteractionsbetweenthehydrogenatoms
of thechains.The importanceof suchinteractionsin stabilizingthecrystal
structurehasbeenemphasizedbyDesiraju[31].Giroud-GodquinandMaitlis
[4J alsomentionthatthenon-bondedinteractionspresentintheflexiblechains
are associatedwith thestabilitiesof both thecrystaland themesophase
structures.
(6) The stackingof moleculesalongthecolumnis stabilizedby non-bonded
interactionsof thetypecore...phenyl,phenyl..phenyl,phenyl..chainand
chain...chain.Thecrystalstructureinwhichtherespectivemetalatomenters
into interactionswithinthecolumnarethoseof (i)andtheN formof (iii).
--- ----
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(7) Eachcolumnin thecrystalstructureissurroundedbysixotherswhichdonot
formanidealhexagon.Figure8isaschematicrepresentationfthehexagonal
arrangementin thetwopolymorphsof(iii).Theinteractionsbetweenadjacent
columnsis primarilyof thevanderWaalstype.Also,theorientationof the
moleculesis thesamein all thecolumns(seefigure8).This lastfeatureis in
contrasto theherringbonetypeof moleculararrangementobservedin the
columnarphasesof certaindiscogens[32].
Table5. Comparisonof theobservedandcalculatedtiltsofthemoleculeswithrespectothe
columnaxis.
~
n
Figure7. Schematicdiagramof thecolumnarstacking.
Complex Bobst Bcalet
Cu-OCsH 17 128 124
Cu-CsH I iN) 122 128
Cu-CsH liP) 111 110
Pd-C1oH21 112 110
Pd-CsH I 7 112 110
Ni-CsH 17 111 111
Column axis
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00
000
00
0
00
0
00
0
Figure8. Twodimensionalrepresentationfthehexagonalrrangementofcolumnsinthetwo
polymorphsof complex(iii).
The authorswishto thankDr B. K. Sadashivafor providingthesamples.The
transitiontemperaturesandtheenthalpyvalueslistedintable1werealsoprovidedby
him.One of theauthors,(K. U.), thanksProfessorK. Venkatesanof theOrganic
ChemistryDepartment,lISe,forallowinghertoworkinhislaboratoryasashortterm
workerduringwhichperiodaccessto the CambridgeStructuralDatabasewas
possible.Dr S.Ramakumarof thePhysicsDepartment,lISe, is alsothankedin this
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